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USSR _DEVELOPMENTS IN WORK ON RADIATION SICKNESS

A. V. Kozlova

[Comment: During the past few months, a number of articles
— ou the subject of radiation sickness has appeared in the USSR
sclentific and popular press. While the majority of these arti-
cles review foreign work dealing with the biological effects of
ionizing radiation, the account which follows below refers to i
USSR work in this field and treats the subJect from the stand-
point of medical theories which are prevalent in the USSR. In
accordance with these theories, the fundamental state of the
uervous system and the general effects due to the action of
harmful radiation on nerve receptors are emphasized. Predomi-
nant importance is attached to general as comparad with local i ‘
pathogenic effects, and an alleged tendency of foreign workers
to overemphasize local injuries is critictzed,

The following points mentioned in the article are of particu- ‘
lar interest: J

1. A statement to the effect that measures for the prophy-
laxis of radiation sickness are being applied more extensively
in the USSR than anywhere else in the world

2. A reference to the danger of exposure to radicactive
isotopes which, according %o the article, are widely used in
the industry
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3. Use in radiation sickness of methods which affect the
nervous system, such as administration of caffeine and bromides,
application of local anesthesia as » prophylactic measure, ap-
Plication of the novocain block and of general anesthesia as
therapeutic measures, etc.

L. In the light of the importance which is attached to
blood-transfusion techniques and the maintenance of blood
banks in the USSR, references to the application of bloed
trensfusions in the prophylaxis and therapy of radiation
sickness

5. Administration of the USSR liver preparation antianemin
(ef. X, Kh. Vlados et al, "New USSR Liver Preparation Anti-

anemin, " Sovremennzze Problemy Gematologii i Perelivaniya Krovi,
No 30, Medgiz, Moscow, 1953, pp 269-274) and of "protein sul-

fate"

6. The approval given to the use of beta-mercaptoethyla-
mine as a prophylactie agent and the rejection as valueless of
the majority of other prophylactic drugs developed abroad

7. A reference to the necessity of removing vietims from

the zone of exposure to radiation, indicating apparently that

} the quantity and type of radiation are such that it cannot be
easily controlled

According to a note appended by the Russian editor, the
paper by Kozlova was presented at a scientific session of the
State Scientific Research X-Ray -- Radiological Imstitute
imeni V. M. Molotov.]

Radiation sickness beeame known soon after the discovery of
X rays and the radiation emitted by radium. The Pirst investigators who
studied the bilological effects of the new type of energy that had been
discovered experienced radiation sickness themselves. However, the
significance of radiation sickness for the human organism has been in-
vestigated most thoroughly in connection with the therapy of patients
suffering from malignant neoplasms, i.e., under conditions where ir-
radiation of large surfaces of the body of a patient with massive doses
of radiant energy is required. Many observations and statistical data
have deronstrated that the results of treatment are more favorable when
stronger doses are applied in the region of the tumor. However, in-
creases in the total dose produce more severe symptoms of radiation
sickness. Thus the success of radiation therapy is inextricably con-
nected with the prevention of radiation sickness and with the elimina-
tion of this sickness.

Soviet scientists reached this conelusion long ago. Nowhere are
measures for combatting radiation sickness used to the extent that they
are in the USSR. Blood transfusions, transfusions of plasma, and the
use of various drugs make it possible to complete successfully radiation
therapy in the majority of cases. However, these measures remain ef-
fective only when radiation therapy is not applied to very large volumes
of normal tissues, as is necessary in the treatment of cancer of the
lungs or of the esophagus. In such cases radlation therapy is accom-
panied by acute forms of radiation sickness and the measures for pre-
venting this sickness are frequently inadequate. It follows that the
success of radiation therapy depends directly on the effectiveness of
the therapy of radiation sickness.
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radiation sickness as applied to otherwise healthy persons, in other words,
to specialists whose work involves constant exposure to small doses of
ionizing radiation. At present radioactive isotopes are being used ex-
teusively in industry. In connection with this there is exposure to ex-
ternal radiation produced by radioactive isotopes and to internal radlation
vhen the isotopes are absorbed by the bedy. Taking into consideration the
diversity of th- isotopes being used ang the selective resorption of these

dividual organs against the background of general radiation sickness. Pro- . SO
rhylaxis, to which rarticular attention is paid in the USSR, must be hased,

under the conditions considered at present, on a detailed and systematic

investigation of changes which take place in the organism as a result of

different occupational conditions.

Thanks to numerous investigations dealing with the pathogenesis and
clinical aspects of radiation sickness, it became possible to collect a
large amount of actual data which clarified to some extent the complex
DProcess that is involved. The most extensive information has been ob-
tained with regard to morphological changes which oceur at the expiration
of a considerable time following exposure to radiation. The changes in
metabolic processes have been investigated most thoroughly, while the
primary reactions in the organism have been elucidated least of all.

earliest changes which can be observed with the aid of the technical means
that are available in laboratories at present. These changes comprise
disturbances of normal chemical brocesses 1n tissues, particularly dis-
turbances of oxidation brocesses. According to this concept, the effect
ou the nervous system is secondary and is produced as a result of dis-
turbances of cellular metabolism. Solution of the problem in regard to
the nature of the primary reaction is important not only from the aca-
demic point of view, but also because accurate information on the subject
will make it possible to outline the correct way of developing further
therapeutic measures.

For instance, the following concept in regard to the mechanism of
the biological action of radiation is widespread abroad. According to
this concept, the action of radiation on the living substance of tissues
brings about ionization of that substance with subsequent breakage .of
molecular bonds and changes in the normal chemical reactions. This in
turn leads to a disturbance of the functioning and the morphology of
cells. The development and outcome of a process of this type can depend
only on the magnitude of the action of the radiation, in other words . the
magnitude of the dose and the intensity of the radiation. The course. of
the process brought about by the radiation due to the fact that it exerts
an influence on some medfum within the organism may not be changed under
the circumstances. However, experimental and clinical observations show
that the reaction of the organism to the effects of radiation takes an
active course rather than the passive course as assumed by the hypothesis
outlined above. Although the physical conditions of irradiation are un-
changed, the subsequent reaction may manifest itself in different degrees.
The differences in individual sensitivity to radiation are extensive, For
instance, the single lethal dose for humans in cases of general irradia-
tion varies between 200 and 1,000 roentgens. The differences in sensia
tivity depend on the initial state of the organism, which is determined
by the functional state of the nervous system.
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The primary role of the nervous system in the pathogenesis of radiation
sickness can be demonstrated by means of experimental and clinical data.
Our observations show that preliminary loca) anesthesia with novocain of the
area being irradiated reduces the inteneity of the reaction and delays its
inception for several days. Thus, notwithstanding the fact that fonization
has taken place, the reaction does not progress further. fThe sole reason
for this 1s that a medification of the functional state of the receptors has
taken place.

Investigations carried out by I. g. Spasskaya indicate that general
anesthesia [literally "narcosis" ] exerts the same influence on the general
reaction. which penetrates

although pathologoanatomical exam.nations carried out within a short tige
after irradiation do not
animal in such caset can
ceptors. It 1is known that the cells of the intact organism
of responding with autoncmous reactiocns;
them represent the result Ionizing radiation is no ex-
ception. As a result of 1its action on the organism the exteroreceptors und
interoreceptors react first. The irritation is transmitted by the central
nervous system along gensory nerve paths The role of these nerve paths in
the process was clearly demonstrated in experimental work carried out by
Ye. I. Bakin. the functioning of receptors under the in-
fluence of rad{ation brings about disturbances of cellular metabolisn.
These in turn lead to the development of the whole complex syndrome of
radiation sickness,

are not capable
all changes which take place in

Notwithstanding the diverse nature of lonizing radiation (alpha rays,
beta rays, gamma Trays, or irradiation with Protons or neutrons) the mecha-
nism of the blological action exerted by different types of radiation is

general reaction ex-
hibited by patients after local or general irradiation with therapeutic
doses; 2. acute radiation sickness which arises after intensive general
irradiation.

The most pronounced and earliest

of the central nervous system.
The principal
complaints comprise an increased tendency to get tired, irritability, head-
and forgetfuln=ss.

of the functions

Examination of the patients indicates that there are ncticeable
changes in the electrocardiogram, These changes are characteristic for
dystrophic modifications of .the miocardia, disturbances of intraventricu-
lar conductivity, and other changes in the activity of the heart.

- L.
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Changes in the morphological composition of the blood are subsequent

symptons. These changes are expressed initially in lymphocytosis. Subse-

Quently lymphopenia, leukopenia, and thrombocytopenia develop. These ob-
servations indieste that the assumption made earlier to the effect that the .
functioning of the organs of hemopoiesis 18 interfered with first under the

action of radiation, must be discarded. It follows from the investigations

which have ‘been menticned that the functioning of the central nervous 8y8~
tem is affected first,

Persons whose occupation exposes them to penetration of radiocactive
isotopes into the body develop in addition to the symptoms outlined above,
changes in the mucous membranes of the nose, the nasopharynx, and the
pharynx. These changes comprise loosening of the mucous membranes, edema,
and hyperemia with a cyanotic cast. In later stages atrophy of the mucous

membranes develops and ulceration takes place on the surface of the mucous
membranes.

Changes in the organism of patients who have been subjected to radia-
tion therapy consist, as a rule, of general phenomena such as disturbances
in the equilibrium of nerve processes, nausea, loss of appetite, loss of
weight, and modifications in the morphological composition of the blood
and in the metabolism. Local changes produced by damage to the tissues
which had been irradiated also develop. These changes comprise atrophy

_ of salivary and lymphatic glands, pneumcscleroses, dystrophy of the mio-

’ cardia, degenerative changes in the hemopoietic organs, atrophy of the
skin and of the mucous membranes in the regions which had been irradiated,
ete. When the treatment has been terminated, the symptoms of the general
reaction disappear in the majority of patients.

The morphological composition of the blood is restored to normal
last. One often observes leukopenia which continues for several Years
after radiation therapy has been applied. Local changes which arise as
8 result or irradiation are irreversible in the majority of cases and are
responsible for the development of various pathological conditions. For
instance, after. the irradiation of the submaxillary region, the atrophy of
salivary glands and of the mucous membrane of the mouth which ensue often
result in disturbances of the functioning of the gastrointestinal tract.

Irradiation of the chest may result in persistent disturbances of cardiac
activity.

These changes must always be taken into consideration in evaluating
the condition of patients who have been sub jected earlier to intensive \
radiation therapy. Prophylaxis of radiation sickness and elimination of
this condition in this group of patients aims not only at carrying out
effective measures against the development of radiation sickness, but also

{
at preventing disability which may ensue as a result of intensive applica-
tion of radiation therapy. !

The ‘acute form of radiation sickness is characterized by a rapid
development of this condition and the acute nature of all symptoms.
Within the course of the disease cne distinguishes three stages. The
first stage occurs immediately after irradiation and is characterized by
depression, low spirits, occasionally loss of consciousness, a drop in
the arterial pressure, nausea, and vomiting. At the end of the first day
lymphopenia becomes apparent. At the expiration of several hours, all of
these symptoms disappear with the exception of lymphopenia which is ob-
served during all succeeding days of the sickness. If the number of
lymphocytes drops below 800 per cubic millimeter, one may assume that a
very severe injury has taken place. During the succeeding days, the con-
dition of the patients improves and returns to normal in the case of some f
patients.
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At the expiration of two to three weeks, the second stage begins, which s o
is characterized by a worsening of the condition of the patient. There is
a rise of temperature and hemorrhagic symptoms, tumors of the mucous mem-
brane of the nasopharynx, diarrhea, and sepsis are observed. 1In aggravated
forms the hemorrhagic syndrome and sepsis predominate.

The third stage, that of recovery, is characterized by a slow disap-
pearance of the symptoms of radiation sickness. Depression, weakness, and
asthenia persist for a long period of time. 1In treating patients of the
first groups, who have radiation sickness as a result of exposure to pro-
longed but weak irradiation, an indispensable condition is temporary inter-
ruption or complete cessation of the work which resulted in exposure to
radiation. Often this alone suffices in order that health be restored.
Treatment in a sanitarium, taking of vitamins, and hydrotherapy are recom-
mended .

Whenever persistent changes of the morphological composition of the
blood have taken place, it is necessary to carry out single or multiple
bleod transfusions and to administer antianemin and iron. The treatment
of patients who have been subjected to radiation therapy is much more
difficult. One must take into consideration in connection with this that
the prophylaxis of radiation sickness is more effective than therapy of
this. condition once it has reached the acute stage. Thus, transfusion of

5 blood prior to radiation therapy, if it is systematically carried out dur-
ing the course of treatment with radiant energy, may prevent the develop-
ment of radiation sickness. On tre other hand, blood transfusions are not
very effective after radiation sickness has actually set in. Prophylaxis
of radiation sickness must include measures for preventing local reactions
in the tissues being irradiated as well as messures which improve the
general condition of the patient.

Measures which bring about anesthesia and anemia of the tissues being
irradiated have proved most effective in reducing local reactions. These
measures comprise tieing up of blood vessels, a novocain block, use of
novocain together with adrenalin, etc.

In order to counteract general phenomena one applies measures which
restore the. equilibrium of the nervous system (administration of bromides
and caffeine) and measures which stimulate the organs of hemopoiesis. The
latter comprise administration of tezan, folic acid, and antianemin; trans-
fusion of blood or plasma; administration of vitamins; and a number of
other measires. ‘ T

The therepy of acute radiation sickness presents great difficulties.
First aid consists in removing the patient from the zone where he is ex-
posed to radiation, senitary treatment, and assurance of complete physi-
cal and moral rest, using for this purpose anesthetics or hypnotics ' i
[1iterally "narcotics"), if necessary. A special diet is prescribed.

This diet must be liquid in the beginning, while later on, depending on
the condition of the gastrointestinal tract, it may be liquid or of
ordinary comsistency. The food must have a high calorie content and be
particularly rich in proteins. The amount of carbohydrates must be
reduced to a minimum, in order to reduce as far as possible the formation
of gas mnd not to overload or irritate the mucous membranes of the intes-
tine because large amounts of roughage must be eliminated.

o7 {
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It is not recommended to give too much fat. On the other hand, it 1g
desirable to increase the intake of vitamins by glving the patient fruit
Julce and fresh fruit. If the patient refuses to eat, nutrition must be
maintained by Tecourse to parenteral administration of foodstuffs. pe-
hydration should be prevented by taking ordinary measures, namely trans-
fusion of blood or plasma and injection of isotonic solutions. It is
extremely important to glve proper care to the patients and in doing this
to observe the general rules of hygiene, taking proper care of the skin
and of the mucous membrane of the ‘mouth, and Preventing the formation of

lesions. 144 —

Medical care should not be interrupted even after recovery.

Transfusion of blood 1s necessary because of the interruption of hemo-
peiesis, which is brought about by injury of the bone marrow. It ig also

Finally, blood transfusion is invaluable for the treatment of ghoek brought
about by exposure to rediation. Transfusion of blood should take Place at
a relatively early stage of radlation sickness. One usually edministers
250 millimeters every 4 days for 6 weeks.

superflucus trauma ig eliminated. Penicillin should be introduced as a
prophylactie agent in a quantity of 300,000 units every second day, If
infection with gram-negative bacteria takes place, one must use chloro-
mycetin and streptomyein. 1In order to avoid the development of a re-
slstance to streptomycin, this antibiotic should be used for therapeutic
Pburposes only and not for prophylaxis.

It is recommended that in addition to penicillin aureomycin and
terramycin be used. In view of the fact that the ma jority of sulfenamides
exert a slightly toxic effect, they should be used only in special cages.

The tendency toward hemorrhages which the patients develop is due on
the one hand to an excess of heparin over its normal content in the blood,
so that coagulaticn is prevented and destruction of thrombocytes inter-
Tered with. On the other hand, the tendency to develop hemorrhages is due
to injuries sustained by the walls of the blooed vessels. To counteract
heparinemin one must apply toluidine blue ang protein sulfate. The latter
is a particularly good remedy. After its application, satisfactory results
are obtaineds hemorrhages often cease and the capacity of the blood to
coagulate gradually returns to normal .

In order to counteract the fragility of capillaries, the use of anti- ' \
histaminic drugs has been proposed, namely of benadryl and desoxycortico-
sterone.

Vitamin ¢ reduces the fragility of the walls of capillaries and
furthermore reduces the time of blood coagulation. For therapy elimi-
nating the increased fragility of cApillaries, one may also recommend
rutin, vitamin P, and various flavones,

If anemia developes, profuse transfusions of whole blood or of
erythrocytic mass are recommended .
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Variocus drugs to be administered for prophylactie purposes have been
broposed lately. Among them is cysteamine (beta-mercaptoethylamine or
"becaptan"). It has been shown experimentally that administration of this
drug to mice 1-3 mimtes prior to irradiation contributes to a higher per-
centage of survival among these animals. On the other hand, if the drug
18 adminigtered 0.5-3 minutes after 1rrad15tion, no protective effect is
apparently exerted. It has been established in histological work that the
primary injuries are the game both in experimental animals {which have
received the drug] and control animals, However, regeneration takes place
more rapidly in animals which have received cysteamine.

~ Observations made by foreign investigators show that the intravenous
injection of 200 milligrams of cysteamine to patients suffering from
radiation. sickneds 1s sufficient to eliminate the symptoms of this sick-
ness.

A grest number of other drugs recommerded by foreign investigators
for the prophylaxis of raediation sickness proved to be little effective
after being checked.

The problem of the prophylaxis and therapy of acute forms of radia-
tion sickness cannct be regarded as solved at the present time. The

aspects of radiobiology pertaining thereto ghould be subjected to further
study.
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